In vertebrates, three members of the d4 gene family code for proteins, which are believed to function as transcription factors and involved in regulation of various intracellular processes. One member of the family, ubi-d4/requiem is ubiquitously expressed gene and two other, neuro-d4 and cer-d4, are expressed predominantly in the neural tissues (Nucleic Acids Res. 20 (1992) . Here we identified a single gene, dd4, in the genome of Drosophila melanogaster, the protein product of which could be assigned to the d4 family. Expression of dd4 is regulated during Drosophila development, and is most prominent in syncytial embryos and later in the embryonic nervous and reproductive systems. In flies dd4 mRNA is found in most tissues but the highest level of expression is detected in ovaries. q
Results and discussion
Computer analysis of Drosophila expression sequence tag (EST) databases revealed the only one set of Drosophila transcripts that possess both domains characteristic to vertebrates' d4 proteins, N-terminal domain 2/3 and C-terminal d4-domain. Therefore, we named corresponding Drosophila gene dd4, for Drosophila d4 gene. We obtained two plasmid clones, corresponding to ESTs AA735479 and AA952163, from the Drosophila EST collection (Research Genetics) and completely sequenced both strands of their overlapping inserts. The dd4 gene (CG2682 in GadFly, locus AE003787) was assigned the band 41E on the right arm (2R) of the Drosophila melanogaster chromosome 2 (in situ hybridisation data not shown). The gene contains three exons separated by short (84 and 52 bp) introns.
The dd4 protein has highest degree of similarity to vertebrates' d4 proteins within the C-terminal d4-domain where they possess 85% amino acid identity (Fig. 1) . The Nterminal domain 2/3 of dd4 shows 56% amino acids identity to corresponding domain of vertebrates' d4 proteins (Buchman et al., 1992; Gabig et al., 1994; Chestkov et al., 1996; Mertsalov et al., 2000; Ninkina et al., 2001 ). However, the central parts of vertebrates' and Drosophila d4 protein molecules have no significant similarities. Although dd4 possesses stretches of positively charged amino acids that could serve as nuclear localisation signals, it does not have a Krüppel-type zinc finger common to most of d4 proteins (however, chicken ubi-d4/requiem shown in Fig. 1 also does not have functional Krüppel-type zinc finger because a 14 amino acid insertion between two cysteines disturbs its secondary structure). Instead, dd4 possesses other domains not featured in any of vertebrates' d4 proteins but regularly found in transcription factors and signalling proteins, namely poly-alanine stretch, two histidine-rich and serine-rich regions. Interestingly, d4-like protein of another invertebrate, Caenorhabditis elegans d4, has both C-terminal d4-domain and Krüppel-type zinc finger but does not have domain 2/3 and its N-terminal part shows no significant homologies to any other d4 proteins (Chestkov et al., 1996) . These structural similarities and differences suggest that all d4 proteins have common functions associated with the d4-domain, while other functions, associated with other domains, became redundant or developed later in evolution of certain species.
Northern blot hybridisation with dd4-specific probe revealed a single 1.9 kb transcript at all stages of Drosophila development (Fig. 2) .
Using whole-mount in situ hybridisation expression of dd4 was detected at all stages of the development of Drosophila embryos (Fig. 3) . The high level of uniformly distributed dd4 transcript was found in syncytial embryos (Fig.  3A) , later it concentration gradually decreases until the cellular blastoderm stage (Fig. 3B ). It seems likely that the dd4 transcripts detected in syncytial embryos are provided maternally because the onset of zygotic transcription occurs 1.5-2 h after egg laying (Edgar and Schubiger, 1986) . It is known that all the substances present in the freshly laid egg are synthesised and deposited in the egg by germ-derived nurse cells, which are synthetically active during oogenesis and interconnected with each other and with growing oocyte by cytoplasmic bridges. The presence of dd4 mRNA in all nurse cells and mature oocytes (see below) is consistent with this hypothesis.
The transcript that begins to accumulate after blastoderm cellularisation and gastrulation evidently represents the onset of embryonic dd4 transcription. As development proceeds, dd4 transcript accumulates in the embryo germband and procephalon ( Fig. 3C-E) .
At stage 13, dd4 mRNA expression is particularly intense in the central nervous system (CNS) (the brain lobe and the ventral nerve cord), in the ectodermal (the foregut and the hindgut) and endodermal (the anterior and the posterior midgut rudiments) derivatives of the intestinal tract (Fig.  3E, lateral view) , and in the Malpighian tubules developed from spherical evaginations which were appeared in the hindgut primordium close to its boundary to the posterior midgut rudiment (Fig. 3E, dorsal view) . Strong hybridisation signals were detected in cells throughout the neuroe- Fig. 1 . Alignment of amino acid sequences of dd4 and vertebrate ubi-d4/ requiem proteins. Amino acids identical in more than three proteins are shown in red. Gaps (-) were introduced for better alignment. Arrowheads above the sequence show positions of introns in the Drosophila melanogaster dd4 gene. Analysis of EST clones revealed that unspliced second intron is present in a transcript found in Schneider L2 cell line (GenBank accession number SD08849). This rare transcript encodes a truncated form of dd4 protein because in frame stop codons are present in the intron sequence. A stretch of amino acids shown above the main sequence after the second exon/intron junction represents a truncated peptide coded by this intronic sequence. The sequences of Xenopus chicken and mouse proteins are from Konishi et al. (1999) , Ninkina et al. (2001) and Mertsalov et al. (2000) , respectively. Nucleotide sequence of Drosophila melanogaster dd4 cDNA is deposited in the GenBank under Accession Number AF427473. Fig. 2 . Developmental expression of dd4 mRNA. Northern hybridisation of total RNA extracted from Oregon R strain of Drosophila melanogaster at different stages of development with dd4-specific probe. Hybridisation of the same filter with a probe specific to ubiquitously expressing Drosophila Ras2 gene is shown as RNA loading control. The high level of dd4 mRNA was found in embryos, and in larvae it substantially decreases and increases again to the high level in pupae and imago. pithelium with exception of midline neuronal precursors, that originate from the mesectoderm-medial neuroblasts, midline glial cells (Fig. 3E, ventral/magnified view) . At the late stage of segmentation, dd4 mRNA expression dramatically decreases in most cells except those that form the brain and the ventral ganglion. Disappearance of hybridisation signal in the hindgut region allowed us to reveal the presence of dd4 mRNA in gonads located in segment A5 (Fig. 3F) . After segmentation is complete, during the first instar larval stage staining in CNS and gonads remains well detectable (Fig. 3G) .
In situ hybridisation of the same probe with histological sections of male and female Drosophila imago revealed expression of dd4 in many tissues throughout the body with prominent hybridisation signals in muscles, ventriculum, intestine and malpighian tubules (Fig. 4A,F,G) . However, as in embryos, the highest levels of dd4 mRNA were detected in cells of the nervous and reproductive systems. Both thoracic and cephalic ganglia show intensive hybridisation with antisense dd4 probe, as well as the eye, where the strongest signal was detected in ganglion cells of periopticon (Fig. 4D,F) . In the male reproductive system dd4 mRNA is abundant in testis and in ejaculatory bulbs (Fig. 4C) . In females, very high levels of dd4 mRNA were found in trophocytes, follicular cells, primary and mature oocytes (Fig. 4G) . This pattern could suggest that dd4 mRNA, which accumulated in oocytes is supplied by nurse cells.
Our results clearly demonstrated that dd4 is expressed at all stages of development of the nervous and reproductive systems of Drosophila melanogaster.
Experimental procedures
RNA extraction, preparation of probes and Northern hybridisation were performed as described earlier (Buchman et al., 1992 (Buchman et al., , 1998 . Digoxigenin-labeled sense and antisense cRNA probes for in situ hybridisation were prepared using Genius Kit (Boehringer-Mannheim) and a fragment ofdd4 cDNA cloned in the pBluescript vector (Stratagene) as a template. A protocol for hybridisation with sections of adult flies has been described earlier (Soldatov et al., 1999) . Embryos were processed for hybridisation according to Tautz and Pfeifle (1989) . Localisation of mRNA by whole-mount in situ hybridisation of fixed embryos was performed as described by Mellerick and Nirenberg (1995) . Fig. 3 . Localisation of dd4 transcripts in developing Drosophila embryos. Whole-mount in situ hybridisation of staged wild-type Drosophila embryos with digoxygenin-labeled antisense dd4 cRNA probe. The control sense cRNA probe produced no staining of embryos at any developmental stage (not shown). Embryos were staged according to Hartenstein (1993) and orientated with anterior to the left. amg -anterior midgut rudiment region, br -brain lobes, fgforegut region, g -gonads, hg -hindgut region, md -mesectodermal derivatives (median neuroblasts, and midline glial cells), mt -malpighian tubules, pmgposterior midgut rudiment region, vc -ventral nerve cord, arrowheads indicate separate dd4-expressed cells. Fig. 4 . Detection of dd4 expression in Drosophila imago tissues by in situ hybridisation. In situ hybridisation of histological sections of wild-type Drosophila flies with digoxygenin-labeled antisense (A, C, D, F, G) or sense (B, E) dd4 cRNA probes. Sections through the body (A-C) or head (D, E) of female (A, B) or male (C-E) fly are shown. Two lower panels are magnified views of thoracic (F) and abdominal (G) regions of the section shown in the panel A. vventriculum, ai -anterior intestine, ov -ovary, mt -malpighian tubules, eb -ejaculatory bulb, tes -testis, cg -cephalic ganglion, gcp -ganglion cells of periopticon, tg -thoracic ganglion, m -muscles, fc -follicular cells; oc-p -primary oocyte, oc-m -mature oocyte, troph -trophocytes.
